Folklore tells us that there are no uninteresting natural numbers. But some natural numbers are more interesting then others. In this article we will explain why 3435 is one of the more interesting natural numbers around.
Folklore tells us that there are no uninteresting natural numbers. The argument hinges on the following observation: Every subset of the natural numbers is either empty, or has a smallest element.
The argument usually goes something like this. If there would be any uninteresting natural numbers, the set U of all these uninteresting natural numbers would have a smallest element, say u ∈ U. But u in it self has a very remarkable property. u is the smallest uninteresting natural number, which is very interesting indeed. So U, the set of all the uninteresting natural numbers, can not have a smallest element, therefore U must be empty. In other words, all natural numbers are interesting.
Having established this result, exhibiting an interesting property of a specific natural number is often left as an excercise for the reader. Take for example the integer 3435. At first it does not seem that remarkable, until one stumbles upon the following identity.
This coincidence is even more remarkable when one discovers that there is only one other natural number which shares this property with 3435, namely 1 = 1 1 . In this article we will establish the claim made and generalize the result.
Munchausen Number
Through out the article we will use the following notation. b ∈ N will denotate a base and therefore the inequility b ≥ 2 will hold throughout the article. For every natural number n ∈ N, the base b representation of n will be denoted by [ • So by the equality in the introduction we know that 3435 is a Munchausen number in base 10.
Remark A related concept to Munchausen number is that of Narcissistic number. (See for example [1] , [2] and [3] .)
The reason for picking the name Munchausen number stems from the visual of raising oneself, a feat demonstrated by the famous Baron von Munchausen ( [4] ). Andrew Baxter remarked that the Baron is a narcissistic man indeed, so I think the name is aptly chosen. ⊳
The following two lemmas will be used to proof the main result of this article: for every base b ∈ N there are only finitely many Munchausen numbers in base b.
. This can be seen from the derivative of x x which is x x (log(x) + 1). This last expression is clearly positive for x > 
Now, the number of digits in the base b represantation of n equals ⌊log b (n) + 1⌋. In other words m := ⌊log b (n) + 1⌋ ≤ log b (n) + 1.
Lemma 2 If n ∈ N and n > 2b b then
is strictly increasing if x > e. To see this notice that the derivative of
which is positive for x > e. Furthermore log b (2) + 1
Now, because n > 2b
b > e, from the following chain of ineqalities:
we can deduce that
With both lemma's in place we can present without further ado the main result of this article. Proof By the preceding lemma's we have, for all n ∈ N with n > 2b
So, in order for n to equal θ b (n), n must be less then or equal to 2b b . This proves that there are only finitely many Munchausen numbers in base b.
Exhaustive Search
The proposition in the preceding section tells use that for every base b ∈ N, Munchausen numbers in that base only occur within the interval [1, 2b b ]. This makes it possible to exhaustively search for Munchausen numbers in each base. [5] . For the related sequence of Narcissistic numbers see [6] )
The code in listing 1 is used to produce the numbers in figure 1 . There are two utility functions. These are munchausen and next. i f ( n = sum ) then P r i n t ( n , " \n" ) ; f i ; n := n + 1 ; c o e f f i c i e n t s := n ex t ( c o e f f i c i e n t s , b ) ; od ; od ;
